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(54) Miniature multi-branch patch antenna 

(57) A miniature, multi-branch patch antenna suita- 
ble for operating in the i GHz to 100 GHz frequency 
range, a method for mating same and a communication 
system using the same is disclosed. In one embodiment, 
the antenna comprises a planar dielectric substrate (3), 
a plurality of conducting antenna elements (9) each hav- 
ing a feed port (1 1). a ground plane (13) and a septum 
(15) located between each conducting antenna element. 
In a second embodiment, the antenna conprises a pla- 
nar dielectric substrate, a plurality of conducting antenna 

\ 



elements each having a feed port a ground plane and a 
superslrate (30) that is disposed on the plurality of con- 
ducting antenna elements and at least a portion of the 
dielectric sutjstrate. The septum and the superstrata 
suppress undesirable coupling mechanisms. In a com- 
munication system according to the present invention, 
the miniature, multi-branch patch antenna is coupled to 
a transmitter and/or receiver. 




FIG. 1 
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Description 

HELD OF THP IMVFMTinM 

This invention relates to miniature patch antennas, 
and more particularly to miniature patch antennas hav- 
ing polarization and space diversity, as well as to 
improved communications systems employing such 

antennas. 

BACKGROUND OF JHP INVEKITION 

A typical microstrip or miniature patch antenna has 
a metallic patch printed on a thin grounded dielectric sub- 
strate. In the transmitting mode, a voltage is fed to the 
patch thai excites cun-ait on the patch and creates a ver- 
tical electric field between the patch and the ground 
plane. The patch resonates when its length is near X/2. 
leading to relatively large current and field amplitudes' 
Such an antenna radiates a relatively broad beam nor- 
mal to the plane of the substrate. The patch antenna has 
a very low profile and can be fabricated using photolith- 
ographic techniques. It is easily fabricated into linear or 
planar arrays and readily integrated with microwave inte- 
grated circuits. 

Disadvantages of early patch antenna configura- 
tions included narrow t>andwidth. spurious feed radia- 
tion, poor polarization purity, limited power capacity and 
tolerance problems. Much of the development work relat- 
ing to miniature patch antennas has been directed 
toward solving these problems. 

For example, early miniature patch antennas used 
direct feeding techniques wherein the feed line runs 
directly into the patch. Such direct feed arrangements 
sacrificed bandwidth for antenna efficiency. In particular. 
*vhile ft was desirable to increase substrate thickness to 
increase bandwidth, tfiis resulted in an increase in spu- 
rious feed radiation, increased surface wave power, and 
potentially inweased feed inductance. More recently, 
noncontacting feed arrangements, such as the aperture - 
coupled antenna have been developed. In the aperture 
coupled antenna, two parallel 6ut>strates are separated 
by a ground pfane. A feed fine on the bottom substrate 
is coupled through a small aperture in the ground plane 
to a patch on the top substrate. This arrangement allows < 
a thin, high dielecti^ic constant substrate to be used for 
the feed and a thick, low dielectric constant substrate to 
be used for the antenna element, allowing independent 
optimization of botfi the feed and the radiation functions. 
Further, the ground pfane substantially eliminates spuri- s 
ous radiation from the feed from interfering with the 
antenna pattern or polarization purity. 

Perhaps the most serious drawback of the earlier 
miniature patch antennas were their nanow bandwidth. 
Typical approaches to overcome this drawback can be 
characterized as either using an inpedance matching 
network or parasitic elements. 

Notwithsfanding the Improvements in miniature 
patch antennas, a need exists for a minfature patch 
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antenna having enhanced radiation efficiency, increased 
antenna t>andvwdth and reduced electromagnetic cou- 

pnng. 

« SUMMARY OF THE IMVEhlTK^M 

The aforementioned need, as well as others, are met 
by a miniature multi-branch patch antenna having at 
least two separate conducting antenna elements. The 

to conducting antenna elements, each having a feed port, 
are disposed on a first surface of a planar dielectric sub- 
strate. A ground plane is disposed on a second surface 
of the planar dielectric substrate. Each conducting 
antenna element is separated from all other conducting 

15 antenna elements by a septum which is in electrical con- 
tact with a conducting ground plane. 

In another embodiment, the miniature multi-branch 
patch antenna may further comprise a superstrate dis- 
posed on top of the conducting antenna elements and at 

?o least a portion of the substrate. In a further embodiment, 
the miniature multi-branch patch antenna may include 
the superstrate but not the septum. Both the septum and 
superstrate aid in suppressing undesirable coupling 



2S In an additional embodiment, a communication sys- 
tem is formed comprising at least one miniature multi- 
branch patch antenna, a transmitter and a receiver. 

BRIEF DESCRIPTi nN OF THE DRAWlMrtR 

30 

Other features of the present invention will be more 
readily understood from the following detailed descrip- 
tion of specific embodiments thereof when read in con- 
junction with the accompanying figures in which: 

35 

FIG. 1 shows an embodiment of a minfature multi- 
branch patch antenna according to the present 
invention; 

FIG. 2 shows an alternate embodiment of the mini- 
40 ature multi-branch patch antenna shown in Fia 1 ; 
. FIG. 3 illustrates an embodiment of an arrangement 
of conducting antenna elements according to the 
present invention; 

FIG. 4 illustrates an embodiment of a feed port 
45 arrangement according to the present invention; 

FIG. 5 shows a further embodiment of a miniature 
multi-branch antenna according to the present 
invention comprising a superstrate; 
FIG. 6 shows a preferred embodiment of a miniature 
60 multi-branch antenna of FIG. 5 wherein the super- 
strate is segmented; and 

FIG. 7 depicts a communication system according 
to the present invention. 

SS DETAILED DESCRIPTinN OF THE INVEfjnnN 

FIG. 1 shows an exemplary embodiment of a patch 
antenna 1 according to the present invention. As illus- 
trated, tiie patch antenna 1 has four separate conducting 
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antenna elements 9a. 9b. 9c and 9d. For convenience, 
the conducting antenna elements 9a • 9d may be collec- 
tively referred to by the reference numeral 9. A patch 
antenna i according to the present invention will perform 
adequately with only two conducting antenna elements s 
9. however, increasing the number of conducting 
antenna elements 9 improves diversity. H wll be appr - 
dated thai the size constraints for a particular application 
may limit the number o1 conducting antenna elements 9 
that can be incorporated in a patch antenna 1 according ,o 
to the present invention. For example, the patch antenna 
1 of FIG. 1. having four conducting antenna elements 9, 
is a preferred arrangement if the antenna 1 is to be used 
in conjunction with a handheld cellular phone. Four such 
conducting antenna elements 9. approximately one-half rs 
inch in length and spaced from adjacent elements by 1 
inch center-to-center, can be arranged on a 2 inch by 2 
inch substrate 3. 

The conducting antenna elements 9 are partially 
embedded in a dielectric substrate 3 having a first sur- 2o 
face 4 and a second surtace 2. Each conducting antenna 
element S has a single feed port 11. Thus, four feed 
ports, identified by the reference numerals 1 la, 1 lb. 11c 
and 1 1d are associated with the four conducting antenna 
elements 9a. 9b. 9c and 9d, respectively, in the embod- 2S 
iment shown in FIG. 1. For convenience, the feed ports 
may be collectively referred to by the reference numeral 
11. 

The patch antenna i also includes a septum 15a. In 
the embodiment shown in FIG. 1. the septum 15a is a 3o 
layer of metal disposed on the first surface 4 of the die- 
lectric substrate 3. The septum 15a is in electrical con- 
tact with a ground plane 13. located on the second 
surface 2 of the dielectric substrate. The septum 15a 
, reduces coupling between the conducting antenna ele- as 
ments 9. In particular, the septum I5a tdocks surface 
waves from propagating from one oorxlucting antenna 
element 9 to another such element. In addition, the sep- 
tum 15a reduces parasitic capadtive coupling between 
conducting antenna elements 9. The septum 15a also 40 
functions as a partial electromagnetic shield between ' 
conducting antenna elements 9. 

The conducting antenna elements 9, the ground 
plane 13. and the septum 15a shovwi in FIG. 1 may be 
formed of an appropriate metal, including, without limi- 4S 
tation. copper, gold plated copper and nickel. The dielec- 
tric substrate 3 may be a ceramic such as BaTiOa. or 
other suitable ceramics having a high Q value and a high 
dielectric constant such as those discussed by Konishi 
in "Novel Dielectric Waveguide Components - Microwave so 
Applications of New Ceramic Materials." Proc. IEEE, vol 
79(6). (June 1991) at 726. 

As wilt be appredated by those skilled in the art. the 
choice of a dielectric for use as the dielectric substrate 
3 will be governed primarily by its assodated dielectric 55 
constant. 

As previously noted, in the embodiment shown in 
Fia 1. the septum 15a is a layer of metal disposed on 
the surface 4 of the dielectric substrate 3. The s^um 



15a is arranged so that a portion of the septum passes 
between acQacent conducting antenna elements 9. In 
this manner, each conducting antenna element 9 is s^ 
arated from every other conducting antenna element by 
the septum 15a. 

An exemplary structure of the septum 15a is shown 
in FIG. 1 for a patch antenna 1 having four conducting 
antenna elements 9a-d. The septum 15a traverses the 
surface 4 in a crisscross pattern from the surface 6, 
across the surface 4 to the surface 8. and from the sur- 
face 7 across the surface 4 to the surface 5. Each termi- 
nus 16 of the septum 1 5a is in electrical confact with the 
ground plane 13. 

A second emtxxJiment of a patch antenna according 
to the present invention is shown in FIG. 2. This embod- 
iment comprises many of the same features as the 
embodiment shovvn in FIG. 1. induding the dielectric 
sui>strate 3, the conducting antenna elements 9 each 
having a feed port 1 1 , and the ground plane 13. The 
entodiment of patch antenna 1 a shown in FIG. 2 further 
comprises a septum 1 5b, the structure of which is differ- 
ent than that of the septum 15a of FIG. 1. TTie septum 
15b depicted in FIG. 2 is comprised of a plurality of via 
holes 25. The via holes are metallized holes which pass 
through the dielectric substrate 3 and terminate in the 
ground plane 1 3. The via holes 25 are spaced from each 
other by about one-tenth of the carrier wavelength, as 
measured in the substrate 3. Notwitfistanding the differ- 
ences in structure between the septums 15a and 15b, 
they serve the same purpose of reducing coupling 
between individual conducting antenna elements 9. 

In FIG. 2. the plurality of via holes 25 of the septum 
15b are shown arranged m a aisscross pattern sinalar 
to the aaangement of the ftilly mefallized septum 15a of 
FIG. 1. It should be appredated that as the number of 
conducting antenna elements 9 varies from the four such 
elements shown in F IGS. 1 and 2, the shape of the sep- 
tums utilized may vary from the crisscross an^ngement 
of the septums 15a and 15b shown In those Figures. 

Turning now to a discussion of the dielectric sub- 
strate 3, the thickness T of the dielectric substrate 3 
should be a small fraction of the carrier signal wave- 
length. As is known to those skilled in the art. the thick- 
ness T of the dielectric substrate 3 should be, at most, 
about one-tenth of a wavelength of the earner frequency 
as measured in the dielectric substrate. Preferably, the 
thickness T of the dielectric substrate 3 is less than one- 
tenth of the carrier wavelength. Using a dielectric sub- 
strate 3 having a high relative dielectric constant mini- 
mizes antenna size. For example, for an antenna 1 or la 
operating at a carrier frequency of 2 GHz having a barium 
titanate. BaTiOa. substrate with an e, of 38.0. the thick- 
ness T of the substrate 3 shoukl be about 0.09 inches. 
Such a configuration wrill result in an antenna radiation 
efficiency of about 55 to 65 percent 

The patch antennas 1 and la have a multi-branch 
structure. In other words, these antennas have at least 
two physicafly separate conducting antenna elements 9. 
in fact, the patch antennae 1 and la shown In FIGS. 1 
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a^^ve four p^^y separate corxlociing amenna 
elements 9. As noted above, in other embodiments 
more or less conducting antenna elemerTgS^te 
sujteblyenployed.Am.r,lmumoftwophysicallySw^^ 
conducting antenna elements 9 are rS to^t^ n . 

itemed rf the covanance functions of the field erie- 
p %-39 "^^^'""^ W'ley & Sons. 1S74) at 

l^h Of the earner frequency. H. however, the conduct- 
Z.l.H"^'"^'^®*'^'""y«'^«««'*"aclielectric 
matenal hawng a relative dielectric constant the sen- 

STJlf ^'^V^. where Xo is the wavelength 

of the earner srgnal in a vacuum. Fo, example the rrtn- 
mu;m required separation tor conducting antenna ele- 

whe^e the d.electric substrate is a ceramic sucTas bal 
.urn .tanate (c, = 38.0) Is 6/2 Vsg = 0.49 inches 

DatJr«I^!n^"*f""^'^ ^ ""'"'^'"'^ multi-branch 
patch antenna shown in FIGS. 1 and 2. the conducfino 
arrtenna elements 9 are not fully embe^^^^ e .5 

l^eirf*"*' words.irCi2ng 
antenna elements 9 extend above the surface 4 of the 

fhl i f !. ^ ^^^'^^ stored in the air above 30 
the dielectrrc substrate 3. In this case, the required sp^ 
^conducting antenna elements 9 is given by 

cL?n" " ^ ^^^^ ^'^'"^"^ constant Of the 

«™t!L r and Millimeter Wave Hybrid Inte- 

J.. Vbl. 48(6). (July-Aug. 1969). p. 1703 
lenJlf.*3Sf ^^^^ "y those Skilled in the art the 

ltJ£!^^?, ^'^'"^'^'^"^'^"^^'^'"thedie- 
rSS^Ifl^-.'^f frequency of 2 GHz. this 

.nJJ^' ? ^"""^ additional details of the conducting 
an enna elements 9a-d shown in FIGS. 1 and2 AsiJi^ 
trated m FIG. 3. the conducting antenna element<^ ?b 

100 200 are orthogonal with respect toTach oSier mS 
.ma,ng the coupling between the feed pointellaT^^ 

sc and 9d. respectvely. are preferably orthoaonal with 

N^!S;^^r'"'°"*^^^P°'^^'^««<^diversity 
«„w ^® arrangement shown in FIGS 1 2 

and 3. the center-to-center spacing for cond^i'nn 
amenna elementshavlng the sa^poLi^^.'^^^^^ 
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9a and 9d or 9b and 9c. is greater than the center^o- 

sr^FiG^rtTL^^^^^^ 

ments 9a arxl 9b. 9a and 9c. 9c and 9d!lnd 9b ^ 
tZl^l '^""V^^^^ spacing, then the center 
to-center spaang between conducting antenna ele- 

mente 9a and 9d. and 9b and 9c is 1 Sch • ^ Sl^fe 
ttie strongest coi^jling is observed between elemente^9 
havng tfne same polarization, an arrangement J.Tt ^ 
.m^es the distance between identical^ polar,S^- 
du.,ng antenna elements 9 is preferri ^s d^ta^e 
may be max.m.zed. for example, by arranging the con- 
i^"^ ^ =° identify polarSi 

elements are on a diagonal with respect to o^S^ 
as Shown in FIGS. 1. 2 and 3. As used in this ^T«- 
^on. the term 'adjacent, "when used to describTS^r^- 
Z'uJ^T'^:' «">^""a elements 9. 

Zl^l 'J^ 1 '^^■'^ ^ ^'^9°"^' orientation with 
respect to each other, such as conducting antenna ele- 
ments 9a and 9d or 9b and 9c of FIGS. 12 aixf 3^ 

Each conducting antenna element 9 has its own 
feed port 1 1 . As best illustrated in FIG. 4. the fee^ ^ 
11 conducts a signal to. or away from, the con^C 
antenna element 9. As used herein, the term feed port 
some^im^ referred to as an antenna port by th^e 

Sll'n r "'J.'^^'^ *° '''' ^'"^ ^ e.eS^ca/con?« 
^T- ,'=°"^"«'"9 antenna elements and signal 

amplrfiens modulators, demodulators, receivers, trans 

rr/n?^"''Jr"^- ^aohfeedport 11 thuscomprSi 

alfe«J hole .s often used to refer to such an arrange- 

ho.p]?r^'1f.f*®^P°'^^^'™y^"'*aWybeametalIi2ed 
ran?tE^«^'5°'^'''^^'^'*'"*^'«^"<'^"^rate 
3 and the conducting antenna element 9. The conductor 
> tLct2r^"'^i""""''°'"'^^'"e'ectrical^^^^ 
tact with the conducting antenna element 9 and electri- 
'cally «olated from the ground plane 13. As sudi an 
.nsulated pin or other suitable armngement 12 

^ ^^^^ ^ "Khin 

tne hole as shown in Rgure 4 

As sh«>wn in FIG. 3. the teed ports 1 1 a and 1 lb are 
preferably located on the symmetry axes 110. 120 of the 
conducing antenna elements 9a. 9b. respectively The 
impedance of a feed port 11 may be varied by changing 
rts positon on the symmetry axis. In particular, the feed 
• preferably located off^enter on the 

T^tl'T^ ■'^Otoachieveaportimpedanceof 
^ ^a feed ports 1 ic and 1 1d Of the 

condu^ng antenna elements 9c and 9d are similarly 

In a preferred embodiment, shown in FIG. 5. a min- 
•akiremufti-branch patch antenna lb according to the 
presert nrvention further comprises a dielectric siper! 
t7lt!t . ^"Pa'^rate 30. which is located on top of 
the first surface 4 of the siijstrate 3 and the conduc&ig 
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antenna elements 9. substantially enhances radiation 
effidency of the antenna. Radiation effidency is 
enhanced through an improved Inpedance match of the 
conducting antenna elements 9 to free space by reduc- 
ing undesirable coqjling mechanisms and the excitation s 
of surface waves. 

The relative dielectric constant of the dielectric 
superstrate 30 should be approximately equal to the 
square root of the relative dielectric constant of the die- 
lectric substrate 3. Thus, for a dielectric substrate 3 hav- w 
ing an of 38. the relative dielectric constant of the 
superstrate 30 should be about 6.2. With the superstrate 
30 present, the dielectric constant drops from to e 
superstrate to 1 as one moves from the substrate 3 to 
the superstrate 30 to free space. Without the superetrate is 
30 present, the dielectric constant falls from e, to 1. The 
more gradual drop in dielectric constant when the super- 
strate 30 is present results in a decrease in surface 
waves. 

By way of example, the superstrate 30 may be so 
formed of materials such as alumina, steatite, fosterite. 
or ceramics having an appropriate dielectric constant. 
Other suitable materials may also be employed. 

To obtain the t>est impedance match to free space, 
the thickness of superstrate 30 should be equal to one- ss 
quarter of the carrier wavelength, as measured in the 
superstrate. For the case of a substrate with an of 38 
and a earner frequency of 2 GHz. the superstrate 30 
should be about 0.6 inches thick. For this example, the 
superstrate 30 is preferably thus about six to seven times 3o 
thicker than the substrate 3. 

An alternate preferred embodiment of a miniature 
multi-branch patch antenna lc incorporating a super- 
strate is shown in Fia 6. In the embodiment shown in 
FIG. 6, the superstrate is segmented so that each con- ss 
ducting antenna element 9 has associated with A a 
region or portion of siiperstrate 30a wWchdoes not phys- 
ically contact the superstrate 30a associated vyith any 
other conducting antenna element 9. In a preferred 
embodiment, a metal layer 50 is disposed on the Inside 4o 
edges 42 and 44 of each segment of superstrate 30a. ' 
This metal layer 50 further reduces parasitic coupling 
effects behween antenna elements 9 and inproves the 
impedance match to the free space impedance. 

The metal layer 50 is preferably grounded using a as 
septum, such as the septum 15a or 15b. This results in 
enhanced radiation efficiency, increased antenna barxl- 
width and reduced electromagnetic coupling between 
separate conducting antenna elements. 

If the metal layer 50 is to t>e grounded, and a septum so 
comprised of via holes, such as the holes 25 of the sep- 
tum 15b shown in FIG. 2 employed, the via holes must 
be in electrical contact with the metal layer 50. This con- 
tact may be accomplished by incorporating a layer of 
metal on the surface 4 of the dielectric substrate 3 55 
between each segment of the superstrate 30a. the con- 
ductive portion of the via holes being in contact wrth the 
layer of metal. Alternatively, the via holes may be formed 
in the dielectric substiHte 3 substantially directly beneath 



the metal layer 50. estabfishing electrical contact Other 
arrangements suitable for electrically connecting the via 
holes to the metal layer 50 that occur to those skilled in 
the art may. of course, ateo \x used. 

The patch antennas 1 - 1c of the present invention 
may be formed as follows. The initial steps for forming 
the various embodiments of the patch antenna are com- 
mon to all embodiments. In particular, a high dielectric K 
substrate ha\nng flat, parallel surfaces is first cleaned. 
The substrate is then metalfeed on both its top and bot- 
tom surface with copper or another suitable metal. The 
metal on one surface of Uie substrate will thus form the 
ground plane 13. and the metal on ttie other surface will 
be patterned into the conducting antenna elements and 
the septum as discussed in more detail below. The metal 
is applied by electrodeless plating or vacuum evapora- 
tion or other suitable methods. 

Next, photolithographic methods are used to define 
the conducting antenna elements 9. In particular, pho- 
toresist is applied to a first surface of the dielectric sub- 
strate 3. The photoresist is exposed to appropriate 
radiation, typically ultraviolet light, which will efther 
increase or decrease the solubility of the photoresist 
compared to unexposed photoresist. The radiation is 
projected through a mask that, depending upon the type 
of photoresist, either exposes only the photoresist at the 
sites where the conducting antenna elements 9 will be 
patterned or exposes all photoresist except for the pho- 
toresist at the sites where the conducting antenna ele- 
ments 9 will be patterned. After exposure, higher 
solubility photoresist is removed by a solvent, leaving 
regions of photoresist at the sites where the conducting 
antenna elements 9 will be patterned. These regions of 
photoresist protect underiying metal while all uncovered 
metal is removed, in the next step, from the first surface 
of the substrate. The remaining photoresist is then 
removed, leaving discrete regions of metal on the first 
surface of the substrate. These regions form the con- 
ducting antenna elements 9. 

Each feed port 1 1 is formed by first forming a hole 
through the conducting antenna elements 9. the dielec- 
tric siA>strate 3 and the ground plane 13 using an appro- 
priate device such as a laser or a diamond drill. The 
portion of tfie ground plane 13 immediately sun^ounding 
the portion of the hole passing therethrough is removed. 
An insulated pin or otiier means for insulating the con- 
ductor 1 4 from the ground plane 1 3 is inserted or applied, 
and fixed within the feed port 1 1 . 

If a fully mefallized septum is to be formed, such as 
the septum 1 5a of the patch antenna 1 shown in FIG. i . 
it is patterned at the same time as the conducting 
antenna elements 9 using a suitably configured mask. 

If a septum comprising a plurality of via holes is to 
be formed, such as the septum 15b shown in FIG. 2. Uie 
holes are formed by an appropriate devtee such as a 
teser or a dianrond drill after the conducting antenna de- 
ments 9 are patterned. Regarding via hole formation, 
nee a hole is formed, it must be treated so Oiat it is elec- 
trically conductive. Without Bmitation. suitable treatment 
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indudesfarmg the hole wnhaconductiveepoxyoraDlac- 
.ng a metal wfre through the hole or bot?^e^Ty 
TJ^Z"^t •"^"i^ed.-however. thls^S 
S^n^lemef ^° "^'""^ ^ 
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^^'^'^^^ 30 °^er a fully metallized sep- 
^iSJ^il'' ^ ^^'^^'^ 30 is incorporated aler 
S^«^L^ aforementioned steps. An appropriately 

techniques known to those skilled in the art. Once the 
toThl^™* ''^1°"^- "'"^ ^"^ ^"^^^ " « bonded 
3o!^!^ 1"^'"^ ^ '^y^' °* superstrate 
fT'^^ ««^i"nction with a septum 

bonded to the dielectric substrate 3 after Ibrming the via 
holes comprising the septum I5b. 

In some embodiments of a patch antenna 1 accord- 
ing to ttie present invention, such as the embodiment 
shown in FIG. 6. the patch antenna 1 may incorporate a 2c 
supe,strate30a.butnotaseptum.lfthisisthe^eTen 

ir^lrtiiSl Vf.^ feed lines 

rf^i "<^ePa<ch antenna lutifees a partially 

metaii,2ed.segmemedsuperstrate30aasshownTnFIG 
6. the superstrate 30a must be formed, sized shaoed 

t1feolSl^i;^''l'^"'°"^'^^^"P^^^fr«fe using 
surtab e methods known to those skilled in the art. 30 
s^l^fi^*''^ ^ « partially metallized, 

segmented superstrate 30a which is grounded utilizing 

S: SSI^JJ 1- septum should 

® patterned. The septum must be 

themetal^er 50 on the superstrate 30a. If via holes are 
tobe used .n conjunction with a metallized region 

f^^nl^Z^^ ^^^"^ conducting 
antenna elements 9 are patterned, and via holes are 
subsequently formed. The conductive portion oH^e Za ciaFm. 

region which must, of course, be in electrical contact with « 
the metal layer 50 on the substrate 30a "'actwitn « 

Ahematively. the partially metallized, segmented 
superstrate 30a can be grounded by forming vTSS 
which are located in the dielectric substrate 3 toTat 
when the metallized segmented super^te 30a ij so 
bonded to the dielectric substrate S.^rThoies 
the metal layer 50 are in electrical c<^ntact. Tn tWs casT 
rt IS preferable to use a conductive epoxy 
irrt^^^iT''^ ^"'^"^ ^ present antenna is 

GSto?0?<S^'»~"'''^"''^'^^^''^^°'"«bout « 
fl™?ill?2 " previously noted that in a pre- 
fen^ed «„bod,ment. the impedance of the feed po^s 11 

lent for integrating the antenna 1 wfth. for exanple. a 



fransmmer. a receiver, or both. As shown in FIG 7 any 

antenna 1. may comprise part of a communication s^ 

tem70.Thecommunicationsystem70mayb^r^J^- 
Ple. a cellular phone or a oonpact base 
for example, in local area networks or for se^nTe^-' 
tronic label systems. '•wving eiec- 

Pi Jr>T"'""''^""°" pa**'" antenna is 

etectricallyconnectedtoatransmittereoand/orreceiver 
63 by way of electrical connections 61 and 64. respec- 
tn^ely The transmitter 60. in conjunctfon with other suit- 
able electronics known to those skilled in the art 
modulates a carrier signal by a base band input signal 
59 such as a voice signal. The modulated carrier signal 
IS then transmitted by the transmitter 60 and the patch 
antenna 1 . The patch antenna 1 and the receiver S in 
conjunction with other suitable electronics known'to 
those skilled in the art. receives and demodulat^rca ° 
r.er signal to provide a baseband output signal 62 such 
as a voice signal. 

In the embodiment of the communication system 70 
Shown in FIG. 7. one patch antenna 1 is conn'StS to 
both the transmitter 60 and receiver 63. A transmit- 
receive or T/R switch 66 is used to establish electr^Sl 
connection between either the patch antenna 1 and the 
ttansmitter 60 or the patch antenna 1 and the receiver 
63. Alternatively, a first antenna could be connected to 
the transmrtter 60 and a second antenna coukl be con- 
If f ®®* ^l^'ch antennas 

Should be a patch antenna 1 according to the present 

In conjunction with using the patch antenna 1 in the 
communication system 70. the ground plane 13 of the 
patch antenna 1 is preferably extended by connecting it 
to. for exampte. the cellular phone case, if the case is 
metallized. 

It shouW be understood that the embodiments 
described herein are illustrative of the principles of this 
invention and that various modifications may occur to 
and be implemented by. those skilled in the art without 
departng from the scope and spirit of the invention 



1 . A patch antenna comprising: 

aplanardielectric substrate having afirst and 
a second surface; 

a plurality of conducting antenna etements 
wherein each conducting antenna element of said 
plurality is electrically isolated from all other con- 
ducting antenna elements and is disposed on the 
first surface of the dielectric substrate; 

a pluralrty of teed ports for delivering a first 
signal to. or receiving a second signal from, the plu- 
rarity of conducting antenna elements, wheren each 
conducting antenna element Is electrically con- 
nected to one feed port of the plurality; 

^^O"^"^ plane disposed on the second sur- 
face of the planar dielectric substrate: and 
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at least a first element that reduces coipting 
between the conducting antenna elements. 

2. The patch antenna of daim 1 wherein the first ele- 
ment that reduces coupling is a septum that is 
located between the piuranty of conducting antenna 
elements, wherein the septum is in electrical contact 
with the ground plane. 

3. The patch antenna of daim 1 wherein the first ele- 
ment that reduces coupling is a dielectric super- 
strate disposed on the conducting antenna elements 
and on at least a portion of the first surface of the 

dielectric substrate. 

4. The patch antenna of daim l wherein the first ele- 
ment that reduces coupling is a septum that is 
located between the plurality of conducting antenna 
elements, wherein the septum is in electrical contact 
with the ground plane, and further conprising a die- 
lectric superstrate disposed on the conducting 
antenna elements and on at least a portion of the 
first surface of the dielectric substrate. 

5. The patch antenna of claim 3 or 4 wherein the die- 
lectric SLfljerstrate disposed on any conducting 
antenna element does not physically contact the die- 
lectric superstrate that is disposed on any other con- 
ducting antenna element. 

6. The patch antenna of claim 5 wherein a layer of 
metal is disposed on a portion of the dielectric super- 
strate. 



element and the ground plane, the generated elec- 
tric fi^ of the aeQacent oonduding antenna ele- 
ments are orthogonal with respect to each other. 

5 12. The patch antenna of any one of claims 1 - 11 
wherein the feed port of each conducting antenna 
element is located along a symmetry axis of the con- 
ducting antenna element 

TO 13. The patch antenna of claim 12 wherein the feed port 
is located off-center on the symmetry axis to achieve 
a desired impedance for the feed port. 

14. The patch antenna of one of daims 1-13 wherein 
/s at least one of the conducting antenna elements has 
a length that is about one-half of a wavelength of the 
first or second signal as measured in the dieledric 
suk>strate. 

20 15. The patch antenna of any one of claims 1-14 
wherein the dielectric substrate is charaderized by 
an effective dielectric constant and wherein adjacent 
conduding antenna elements are spaced from each 
other according to the relation a© / 2 ^fe^. where 

25 is the wavelength of a canier signal in a vacuum and 
is the effective dielectric constant. 
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7. The patch antenna of claim 6 wherein the layer of 35 
metal is in electrical contact with the ground plane. 

8. The patch antenna of any one of claims 3 - 7 wherein 
the dielectric superstrate is characterized by a rela- 
tive dielectric constant that is approximately the 40 
squarerootof the relative dielectric constant of the ' 
dielectric substrate. 



9. The patch antenna of any one of claims 3 - 8 wherein 
the dielectric superstrate has a thickness of about 4S 
one-quarter of a wavelength of the first or second 
signal as measured in the siperstrate. 

1 0. The patch antenna of any one of claims 1 - 9 wherein 
the plurality of conduding antenna elements con- so 
sists of four conduding antenna elements. 

11. The patch antenna of any one of claims 1-10 
wherein adjacent conduding antenna elements of 
the plurality are spatially arranged on the planar die- ss 
ledric suljstrate so that when the first signal is deliv- 
ered to each of the adjacent conduding antenna 
elements, which first signal results in the generation 

of an eledricf ieW between each conduding antenna 
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